Purpose: A small share of the world's population meets current physical activity guidelines, which recommend regular engagement in endurance, strength, and neuromotor exercise. As lack of time represents a major cause of inactivity, multidimensional training methods with short durations may provide a promising alternative to classical, volume-oriented approaches focusing on one biomotor ability. This trial examined the effects of a high-intensity functional circuit training (HIFCT) on motor performance and exercise motivation in untrained adults. Methods: Thirty-three inactive participants were randomly allocated to two groups exercising for six weeks. The intervention group (HIFCT, n = 20) 3×/week performed functional whole-body exercises in a circuit. Each 15-minute workout included repetitive 20s all-out bouts with 10s breaks. In the comparison group (moderate aerobic exercise, MAE, n = 13), the participants walked 3×/week for 50 minutes at moderate intensity. Measured motor outcomes were cycling endurance capacity (respiratory threshold, maximum workload), maximum strength (leg and chest press), postural control (force plate), and jump capacity (counter-movement jump, single leg hop for distance); exercise motivation was assessed using the selfconcordance index. Results: In comparison with MAE, HIFCT enhanced maximum leg strength (between-group difference of relative pre-to post-changes of 5.0%), shoulder strength (7.6%), and endurance workload (5.0%; P < 0.05), while increasing motivation to exercise (+5.5 points, P < 0.05). No between-group differences occurred for postural control and jump capacity (P > 0.05). Conclusion: Despite considerably shorter training duration, HIFCT enhances motor function and motivation to exercise more effectively than MAE. Further research should investigate the long-term adherence to the program and its effectiveness in other settings.
| INTRODUCTION
Physical activity (PA) represents a paramount factor in the prevention and treatment of cardiovascular, metabolic, or musculo-skeletal disorders. Recent meta-analyses indicate that sustained engagement in exercise can reduce all-cause mortality by up to 33%. 1, 2 To achieve optimal health benefits, the World Health Organization (WHO) and the American College of Sports Medicine (ACSM) recommend performing regular strength, flexibility, and neuromotor exercise as well as the accumulation of at least 150 minutes of moderate-intensity or 75 minutes of vigorous-intensity endurance exercise per week. 3, 4 However, despite the large body of evidence supporting the benefits of PA, only a small share of the population adheres to international guidelines; more than 8 in 10 persons fail to meet published recommendations. 5, 6 According to population-based surveys, the main barriers for the initiation of physical activity are motivation deficits and lack of time. 7, 8 Regarding the former, the modification of relevant contextual factors during exercise may help to increase and maintain training adherence. Listening to music during workouts substantially reduces subjective exertion while increasing energy efficiency at the same time. 9 Interestingly, the positive effect of music can be further amplified if participants are allowed to steer exercise intensity by means of self-pacing. 9, 10 Finally, establishing a group setting represents a third easy-to-apply modulator of exercise motivation.
With reference to lack of time, altering the training parameters may help to increase the readiness to engage in physical activity: In this sense, high-intensity training represents a promising alternative to traditional, volume-oriented training approaches, as it consumes significantly less time. Tabata et al 11 were the first to demonstrate that a 4-minute workout, consisting of eight 20s bouts of all-out performance with 10s breaks in-between, is more effective than exercising for 1 hour at moderate intensity. While both methods increased VO 2 max , only the high-intensity training enhanced anaerobic capacity. This finding was corroborated by a recent systematic review reporting pooled data from 28 controlled clinical trials. 12 Although high-intensity endurance training provides a promising method to induce beneficial health adaptations of the cardiovascular system, it does not incorporate major stimuli improving strength, coordination, and motor control. In addition to the frequently recommended endurance training, the international guidelines on physical activity advise to include regular strength training and neuromotor exercise. 3, 4 Functional training, the performance of exercises mimicking tasks of daily living (eg, Squats, Lunges, and Push-Ups), has been shown to simultaneously improve strength and balance. 13 While plenty of research examining isolated high-intensity training or functional exercise is available, [12] [13] [14] there is a paucity regarding the joint application of both approaches in one program. Existing trials did not assess motor function, 15, 16 included (partly) trained participants [17] [18] [19] or had no conventional control intervention. [20] [21] [22] [23] In addition and most importantly, no study, so far, has captured exercise motivation in the context of high-intensity functional training using a complex and specific scale. Against the background sketched above, the present study aimed to investigate the effects of a newly developed high-intensity functional circuit training on motor function and exercise motivation in healthy, untrained adults. Specifically, the hypotheses were tested that such multidimensional method would more effectively enhance both outcomes when compared to moderate-intensity walking.
| MATERIALS AND METHODS

| Ethical standards and study design
The two-armed, randomized, controlled trial followed the CONSORT (Consolidated Standards of Reporting Trials) guidelines 24 and was registered at clinicaltrials.
gov (NCT02746692). It was conducted in accordance with the Declaration of Helsinki with its recent modification of Fortaleza (2013). Ethical approval was obtained from the local review board, and each volunteer signed informed consent prior to study inclusion. The study flow is depicted in Figure S1 . After screening for eligibility, the participants were randomly allocated to two groups: (a) high-intensity functional circuit training (HIFCT) or (b) moderate-intensity aerobic exercise (walking, MAE). Prior to and after the six-week intervention period, outcomes of motor function and exercise motivation were assessed.
| Participants
Healthy, untrained individuals were recruited by means of personal contact and poster advertising. Being untrained was defined as not fulfilling current WHO and ACSM guidelines (min. 150 minutes of physical activity per week) as well as not having performed systematic strength or aerobic training or other sports until study initiation. Exclusion criteria encompassed (a) severe orthopedic, cardiovascular, pulmonary, neurological, psychiatric, or inflammatory rheumatic diseases, (b) pregnancy or nursing period, (c) analgesic intake during the trial or in the 48 hours prior to study enrollment, and (d) history of surgery or trauma in the lower extremity. Subjects were also excluded if they had previously been engaged in regular endurance or strength exercise. Each participant underwent a comprehensive examination by a physician including electrocardiography. | WILKE Et aL.
| Intervention
| HIFCT
The intervention of the HIFCT group included a set of 15 functional whole-body exercises (Figure 1 ), performed in a circuit format with repetitive 20s all-out training bouts and 10s rest periods. At a total duration of 15 minutes, one workout thus comprised 30 exercise cycles. The selection of the exercises ( Figure 2 ) was based on two main goals: (a) the involvement of major muscle groups to increase absolute oxygen consumption and (b) the simulation of daily used fundamental movement patterns (eg, Squat, Lunge, and Push-Up). Training frequency was three times a week with one-day rest between the sessions. Each 15-minute workout was preceded by a short, general warm-up (rope jumping). During the training, which was performed indoors and in groups of five to ten, the participants were encouraged to attain maximum workload (rather by increasing repetitions per bout than by increasing weights) while maintaining high movement quality, which was continuously monitored by a specifically trained instructor holding a bachelor's degree in sports sciences. If necessary, small modifications of the exercises (eg, Push-up on knees for some women and men with insufficient strength) were used. A specific goal of our study was to optimally foster motivation by taking relevant contextual factors into account. Besides exercising in a group, using self-pacing and a wide selection of exercises, this referred also the acoustic setting: During all workouts, music (140-160 beats per minute) was played in order to create a more stimulating and activating atmosphere. 9 Prior to study initiation, all subjects of the HIFCT group participated in a familiarization session providing technique lessons regarding exercise execution. Throughout the six-week intervention period, training load was increased progressively. In the first week (sessions 1-3), the workout was composed of three 5-minute intervals (10 exercise-rest cycles per interval) separated by 1-minute breaks. In week 2 (sessions 4-6), two 7.5-minute intervals with a 1-minute break were performed. From week 3, the whole 15-minute workout was completed without major breaks. Similarly, 
| MAE
Analogous to the HIFCT group, the comparison group exercised three times a week with one rest day between. In each session, the participants walked for 50 minutes at 50%-60% of their individual heart rate reserve (HRR). The weekly training duration was, thus, 150 minutes as recommended by the ACSM physical activity guidelines. 4 Heart rate monitors (Beurer PM25, Beurer, Germany) were used to ensure meeting the determined exercise intensity; this was progressively increased from 50% HRR (weeks 1 and 2), to 55% HRR (weeks 3 and 4) and 60% HRR (weeks 5 and 6). Also, the MAE group received a familiarization session with instructions on proper movement technique, and all sessions were supervised by a trained instructor. To match motivational factors of both groups, exercising in small groups was allowed as long as the respective individual target heart rates were attained and listening to music via headphones was allowed. Additionally, all workouts were performed outdoors.
| Measurements
Assessments of motor performance and motivation to exercise were performed on one day, prior to and after the six-week intervention period, respectively. To eliminate influences of circadian rhythm, posttests were conducted at the same daytime as the pre-intervention tests. Additionally, exercise enjoyment and perceived exhaustion were evaluated after each training session.
| Motor function
Bipedal postural control was evaluated using a capacitive force plate (WinFDM v0.0.41, Zebris Medical GmbH, Isny, Germany). With their arms folded across the chest and their eyes closed and covered by a sleep mask, the participants had to maintain an upright stance with as little motion as possible for 90 seconds. Three repetitions with 2-minute rest intervals were recorded. Good test-retest reliability of this procedure has been described. 25 For later analysis, the length of the trace was calculated as the sum of the maximal medial/lateral and anterior/posterior excursion of the center of pressure (COP). Following the assessments of postural control, functional jump capacity was tested. The single leg hop for distance (SLHD) served for measuring unilateral horizontal displacement in forward jumping [cm] . Three repetitions without restrictions of arm movement were performed, and the maximum value was used for analysis. A jump was only categorized as admissible if (a) the participants landed on one leg without touching the ground with the free leg and (b) were able to hold the landing position for at least two seconds. Excellent reliability of the SLHD has been demonstrated. 26 In addition to SLHD, explosive strength was evaluated by means of counter-movement-jumps (CMJ). Three attempts with the hands fixed at the hip were performed using a contact mat (Refitronic, Schmitten, Germany). In both SLHD and CMJ, the highest value of all three trials [cm] was used for analysis.
To draw assumptions on strength, maximum voluntary force (MVC) of the lower and upper extremities was measured by means of the dynamic one repetition maximum (1RM). For the lower extremity, the participants were positioned in a leg press, lying in the supine position. For the upper extremity, the 1RM was determined in the seated position, using a chest press machine. The starting weights in both tests were defined with the formulas "body weight x 1.5" (leg press) and "body weight × 0.5" (chest press), respectively. Weights were progressively increased according to the participants' feedback until the maximum load for a correct repetition was identified. Rest interval length between attempt was 1 minute. 27 Participants' strength data were excluded from analysis, if more than five trials were needed to reach the 1RM. 27 Strong verbal encouragement was provided in order to elicit maximal effort. Prior to testing, all participants performed a standardized warm-up. Excellent reliability has been demonstrated for the measurement of the 1RM in both, the leg press and the chest press (ICC = 0.99). 28, 29 Finally, cardiorespiratory exercise capacity was evaluated on a bicycle ergometer (Ergoline, Bitz, Germany) using a ramp protocol. To keep the test duration and increment constant despite varying fitness levels, two different protocols were applied based on the feedback of the participant and the experience of the investigator. The first protocol had an initial workload of 10 Watt and reached 350 Watt after 20 minutes. The second protocol started with 60 Watt and attained 400 Watt workload after 20 minutes. Thus, for both protocols, the increment was about 0.3 Watt per second. During testing, revolutions per minute, heart rate, blood pressure, self-perceived exertion (rate of perceived exertion/RPE scale), and affective response (bipolar feeling scale/FS) were documented every three minutes. All tests were continued until maximal exhaustion was reached; this was assumed if three of the criteria were fulfilled as follows: (a) heart rate reaches ±10 beats of the age-specific norm value (220-age), (b) respiratory exchange ratio of >1.05, (c) RPE scale value ≥17 or (d) oxygen intake leveling off. 30 After test termination, the participants were instructed to continue cycling for three more minutes at a low intensity (20 Watt) and, following this, to remain inactively seated for two more minutes. At each minute of the cool-down period, heart rate was assessed. From the generated data, relevant cardiorespiratory parameters (eg. VO 2 max ) were calculated. In addition to this, the second ventilatory threshold (VT2) was determined using the v slope method. 31 
| Exercise motivation
The change in readiness to engage in regular physical activity was evaluated by means of the German-language SSK scale, which measures sport and movement-related selfconcordance. It encompasses four 3-item subscales with Likert-scaled questions assessing intrinsic, extrinsic, introjected, and identified motivation to exercise. The analyzed composite score was calculated by subtracting the sum of extrinsic and introjected motivation from the sum of intrinsic and identified motivation. High reliability and construct validity of the scale have been demonstrated. 32 In addition to the pre-and post-intervention measurements, assessments of exercise enjoyment were conducted after each individual training session. Using a five-level Likert scale (1: "strongly disagree," 2: "disagree," 3: "neither agree nor disagree," 4: "agree," and 5: "strongly agree"), the participants were asked (a) if they enjoyed the training and (b) if they looked forward to the next training session. Furthermore, maximal and mean self-perceived exertion were documented for each training session using the Borg RPE (Rating of Perceived Exertion) scale (value range: 6-20, low values represent low exertion).
| Data analysis and statistics
Relative (parameters of motor function) and absolute (selfconcordance index) pre-to post-changes were determined for all measured outcomes. Due to non-normal distribution of the data, Mann-Whitney U tests, including medians and parameter-free 95% confidence intervals, 33 were then used to detect differences between the two groups. In case of statistical significance, effect sizes, interpreted as small (0.1-0.3), medium (0.3-0.5), or large (>0.5), 34 were computed with the formula r = z/√n. For the affective post-workout ratings of the individual sessions (agreement to the statements "I enjoyed the workout" and "I look forward to the next workout"), 2 × 5 contingency tables were calculated with the group allocation as rows and the degree of consent as columns. Subsequently, to identify systematic group differences between HIFCT and MAE, Craddock-Flood's Chi square tests were used.
In all analyses, P-values <0.05 were considered to be significant. Calculations were made with "SPSS Statistics," version 22 (IBM, SPSS Inc, Chicago, IL, USA) and "BiAS for Windows," version 9.05 (Goethe-University Frankfurt, Germany).
| RESULTS
A total of 33 participants completed the study (Table 1) . Both groups did not differ regarding age, sex, BMI, and outcome baseline values (P > 0.05), with one exception: Maximum workload was slightly higher in the HIFCT group (P < 0.05). Drop-out rates during the intervention period were 28.6% in the HIFCT group and 55.2% in the MAE group ( Figure  S1 ). There were no significant differences between the participants not completing the intervention period and the participants who finished the study in most demographic and performance-related variables (P > 0.05), except for age (dropouts: 29 ± 5, finishers 25 ± 7, P = 0.03). Throughout the trial, no serious adverse events occurred.
| Motor function
In comparison with MAE, HIFCT increased maximum leg strength (difference of relative median pre-to post-changes between groups of 5.0%, P < 0.05, r = 0.41), shoulder strength (7.6%, P < 0.05, r = 0.35), and maximum cycling workload (5.0%, P < 0.05, r = 0.35). Both groups improved SLHD with a tendency for higher effectiveness in HIFCT (see confidence intervals in Figure 3 ), although this difference did not reach statistical significance (P > 0.05). Similarly, despite indications for enhanced performance suggested by the confidence intervals (in particular for HIFCT), there was no statistical time or group difference for CMJ and postural control (P > 0.05).
| Exercise motivation
Training compliance (percentage of completed training sessions) was similarly high in both groups (HIFCT: 85.6%, MAE: 83.8%; P > 0.05). While remaining unaffected by the walking intervention, motivation to exercise increased following HIFCT (see confidence intervals in Figure 3) . The difference of 5.5 points on the self-concordance scale between both groups was statistically significant (P < 0.05, r = 0.39). During the intervention period, despite exercising at higher RPE values (session mean 15.8 vs 10.4, session maximum 18.0 vs 12.3, P < 0.05), participants in the HIFCT group (a) enjoyed their training sessions more than the subjects allocated to MAE (Craddock-Flood's χ 2 = 28.5, P < 0.001) and (b) looked forward more to the next workout (χ 2 = 51.9, P < 0.001, Figure 4 ).
| DISCUSSION
Lack of exercise represents a major risk factor for chronic diseases. 35 According to estimates, a 25% reduction in physical inactivity could avert 1.3 million deaths per year. 36 Against this background, the development of interventions 
F I G U R E 3
Pre-to post-changes in outcomes of motor function and exercise motivation. Parameter-free medians and 95% confidence intervals are displayed promoting an active lifestyle is of pivotal importance. The present study demonstrates that a HIFCT program is more effective in improving motor function and exercise motivation, than a classical moderate-intensity walking program. Physicians and movement therapists might, therefore, consider its use as a serious alternative in exercise prescription and program design.
| Motor function
High-intensity functional circuit training induced considerable increases in endurance, strength, and explosive force development, reflecting its multidimensional qualities. Regarding the first, pre-to post-changes were observed in maximum cycling capacity, but not VO 2 max or ventilatory threshold, which is in contrast to the study of Tabata et al 11 who observed changes in both metabolic pathways following high-intensity interval cycling and to the results of other studies which detected changes in VO 2 max . 18, 19 In any case, our findings indicate changes in anaerobic exercise performance rather than increased aerobic exercise capacity. Possibly, an increased lactic acid buffering and/or a higher lactate tolerance represented the underlying mechanisms, as-in view of the reported RPE values-the participants constantly exercised at submaximal intensity. It is unclear if the gains in maximum strength stem from muscular hypertrophy or from more effective central nervous recruitment patterns. A combination of both pathways is conceivable. On the one hand, in untrained adults, adaptations are initially driven by neural factors. 37 On the other hand, it has been shown that a long time undertension creates a strong stimulus for protein synthesis 38 and that high metabolic stress, inter alia provoked by short rest intervals, is an important trigger for muscle hypertrophy. 39 As HIFCT is characterized by high repetition numbers, short breaks, and the use of low loads, these mechanisms may have acted in concert. Despite the slight advantages observed for HIFCT, the two interventions achieved similar results for postural control and jump capacity. No pre-to post-changes in either group were observed in the bipedal stance with closed eyes, an assessment which has been used in multiple previous studies. 25 Yet, it might not have been sensitive enough to capture possible improvements in our case. Both, HIFCT exercise and walking require mostly dynamic stabilization and are based on unilateral movements. Future research on this topic should hence rather include more complex or more specific assessments, for example, the single leg stance or the y balance test. In opposition to postural control, both interventions increased SLHD performance. Most probably, a systematic increase in physical activity, regardless of its type, leads to a certain performance enhancement. This, however, remains speculative as no previous study has examined the association of walking and SLHD.
| Exercise motivation
According to surveys, health experts display a typical pattern in exercise counseling for inactive adults; mostly low-to-moderate-intensity aerobic activities, such as walking, are recommended. [40] [41] [42] Notwithstanding, our data indicate that HIFCT might constitute an equally or even more adequate choice of exercise. It is well established that motivational factors represent a crucial aspect for the long-term adherence to physical activity and exercise programs. [43] [44] [45] Following the intervention period of our study, self-concordance, reflecting dominance of intrinsic and interjected motivation, was increased in the HIFCT group when compared to MAE. Moreover, after the individual sessions, participants of HIFCT reported substantially higher exercise enjoyment and pleasant anticipation of the next workout. This finding is especially intriguing because the former has been shown to predict exercise adherence. 43 So far, evidence with regard to the modification of motivational factors following HIFCT has been scarce. The only study assessing such outcome did not use a specifically designed scale but found a higher willingness to continue exercising when compared to moderate-intensity aerobic and resistance training. 15 Although we did not measure this parameter, the finding may be in line with the present study's results as it can be speculated that higher motivation and exercise enjoyment will lead to higher readiness to maintain the exercise level. Generally, the high levels of exercise enjoyment reported during our HIFCT intervention represent a contrast to current literature. Although a few studies have yielded differential findings (see eg, the work of Bartlett and colleagues), 46 intensities exceeding the lactate or ventilatory threshold have mostly been shown to be rated as unpleasant. 10 According to the RPE values during high-intensity functional circuit training, our subjects presumably displayed considerable lactate accumulation, but nonetheless reported high exercise enjoyment. A possible reason for this may be the distraction created by the group character of the workout, the music played, 9 and the constantly varying exercises. 47 Another factor may have been the mode of pacing. Despite the instruction to attain the highest possible intensity, pace could be selected individually.
Compelling evidence demonstrates that self-determination of exercise intensity can foster exercise enjoyment. 44 While all factors named (group character, music, distraction through variation, and self-pacing) represent plausible explanations for the high motivation in the HIFCT group, the question arises as to why MAE was less enjoyable and motivating. To control external variables between groups, listening to music was also allowed in MAE and, thus, may not have had a decisive impact. However, walking in groups, which was allowed for the same reason, was not always possible, because the individuals had to achieve different paces. This, in conjunction with lower distraction (walking is a rather monotonous activity) and predefined pacing (steered via HR), may explain the differences found between HIFCT and MAE.
| LIMITATIONS
We used moderate-intensity walking as a control intervention because it represents a typically recommended form of exercise for the target population. [40] [41] [42] Although the strength increases observed following HIFCT were impressive, it would have been interesting to elucidate the question as to whether the methods elicit similar or greater force enhancements than conventional strength training. Another potential shortcoming relates to the sample size. Due to the high drop-out rate in MAE, it may be possible that our trial did not have enough power to detect very small differences in some group comparisons. With regard to postural stability, CMJ and VT2, we believe that this issue is of minor importance because the pre-to post-responses of both groups were marginal. In contrast, as pointed out in the results, there was an almost significant difference in SLHD (favouring HIFCT as indicated by the 95%CI), which may have become statistically evident with a larger sample.
| PERSPECTIVES
Several aspects call for additional study. In view of the short-term effects of HIFCT on motor function and exercise motivation, additional research investigating exercise adherence within a longer time frame is warranted. If the expected higher compliance could be verified, the training method would be particularly interesting from a public health perspective. In addition, the safety of the intervention should be further elucidated. During the study period, one subject in the HIFCT group reported light knee problems. A gradual, progressively increasing training intensity may, thus, be paramount in order to match the participant's individual load capacity and the stresses imposed on their movement system.
| CONCLUSION
High-intensity functional circuit training is a time-saving, effective and motivating training method for healthy, untrained adults. It therefore merits consideration within the prescription and design of exercise programs aiming to tackle the burden of physical inactivity.
